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An investigation was conducted in the conbustor of a 3UOO-pound- 
thrust turbojet engiae t o  de%-e the a l t i t u h  performance char- 
acteristics of' AEJ-F-58 fuels. Three fuels conformin@; to AM-F-58 
specification were prepared fn order to determine the influence of 
boiling-tenlperature range and aromatic content on altitude perform- 
ance.  The  performance of the three AX-F-58 f'uels w&6 compared with 
the perfonnance of AN-F-48 (grade 100/130) fuel in the range of simu- 
lated  altitudes from 20,000 t o  55,000 feet,  corrected engine speeds 
from 6000 t o  12,500 rpm, and flight Msch  nuPibers of 0.2 and 0.6. 

A t  a fl ight Mach m e r  of 0.2, the altitude limits of two 
AN-F-58 fuels were the same and about 1000 t o  3ooo feet  higher 
than the  limits of AN"-# fuel over the range of agim speeds 
examined. The altitude  operational limit of the AX-B-58 fuel ha- 
a higher  boiling-temperature range and a higher aromatic content 
than the other two AN-F-58 fuel6 was 1O0O t o  7000 feet  lower than 
the l lmi ta  of the other two AN-F-58 fuels over tbe range of engine 
speeds hvestlgated. At a Mach pzmiber of 0.6, the  altitude  limits 
of t h e  three At?-F-58 fuels and the fUW"48 fuel were approximately 
the 8-0. 

A t  any fixed uperating  condition, the conibustion efficiency 
decreased 88 the volumetric average boiling temperature of the 
fuel increased. The arfthmetical  differences in canbustion effi- 
ciency between the most volatile fuel (AN-F-48) a d  the least 
volatile Am-P-58 f'uel were as  great a8 12 to  14 percent a t  some 
oonditions near the  altitude operatiom1 limit. 

Light  deposits of carbon were found with two AIV-F-58 fuels 
and no deposits were found with the Am-F-48 fuel. The third 
AN-F-58 fuel hav3ng a high boiling-temperature range and high 
aromatic content produced formations of carbon on the first step of 
the C O ~ n b U 6 t O r  basket. These deposits, although  not considered suf- 
ficiently  large t o  be objectionable, were cansiderably  greater than 
the deposits obtained w i t h  the other fuels. 
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The potential  availability of Am-F-32 fuels for  Jet-propulsion 
engines  is  limited  because of restrictions in boilin@;  range and 
composition. In order  to  lncrease  the  potential  supply of fuel  for 
jet-propulsion  engines a new specification,AN-F-58,  which has wider 
limits, bas been proposed. A camprehensive program was undertaken 
at the NACA Levis laboratory to d e t d e  the performace character- 
istics of fuels conforming to  the AN-F-58 specilficatian in current 
turbojet engines and combustors from these  engines. 

In the collibustor  investigations,  special  attention was given 
to the  2nfluence of physical  properties of AN-F-58 fuels on com- 
bustor performance in order  to determine whether the llrnitatians 
on physical  properties in the proposed  specification are too 
liberal or tcx, restrictive. The effects  of boiling-tqerature 
range and aromatic  concentration within the AN-F-58 specification 
on altitude performance in the combustor of a 3000-pound-thmst 
(534-WE-22) turboJet engine axe psgntd. Combustion effiois3loies 
and altitude operational m i t e  were determined i n .  the w e  af simu- 
lated  altitudes from 20,000 to 55,000 feet, corrected engine speeds 
from 6000 to  12,500 r p m ,  and  flight Mach Pumbers of 0.2 and 0.6 .  

Comparisons of AN-F-58 fuels with an AN-F-48 fuel (grade 
100/130) were also made at  these conditions. 

Specifications  for  and analyses of the AN-F-58 fuels and the 
Am-B-48, Amendment-3,  fuel (ESACA fuel 48-359) used In t h i s  Inves- 
tigation are presented in table I. 

Three fuels conforming to AN-F-58 specification were used. 
The first of these ( N A U  fuel 48-249) was a uniform mixture of 
several t m k - c a r  lots of AN-8-58 fuel as  received frdm the sup- 
plier. For purposes of t h l s  investigation, this fuel, which 
boiled  between 110' and 560' F and  contained 19 percant  aromatics, 
was considered a base stock. A second AN-B-58 fuel (NACA fuel 
48-258) was prepared by blending 92 percent of the base s t o c k  
with 8 percent of a mmiber 3 Are1 oil. The resulting blend boiled 
between  llOo  and 590° and contahed 19 percent  aromatics. Thfs 
blend is hereinafter  identified as the high-end-point fuel. Com- 
parisons of these two fuels (l'?ACA fuels 48-249 and 48-258) were 
intended to indicate the effect of fuel boi l ing  temperatures on 
turbojet-engine  performance. 

. 
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A third AH-F-58 fuel (N4CA fuel 48-279) was prepared by blend- 
ing 79 percent of the base stock with 13 percent redistilled hydro- 
formate bottoms  and 8 percent nuniber 3 Fuel oil.  The result- 
blend boiled between l l O o  and 530' F and contained 29 peroent 
aromctics. This blend is hereinafter  identified 88 the high- 
aromatic fuel. Cqar i som of this fuel (NACA fuel 48-279) w i t h  
NACA fuel 48-258 were intended to indicate  the influence of 
aromatic content. Because of the manner in which the blend 
(NACA f'uel 48-279) was made, however, the  boiling temperatures 
(table I) were  changed as well as the aromatic content. As 
shown in  table I, EIACA fuel 48-279 approaches the n&d.nnm limit 
of the specification w i t h  respect t o  aromatic content and final 
boiling temperature . 

lhasnuch 88 the silica-gel determination f o r  aroliratic content 
(table I) is considered mre reliable thsn A.S.T.M. determinations 
for AN-F-58 fuels, all aromatic concentrations  referred to were . 
determined by the  SiliC8-gel method. 

A diagram of the general  setup is shown in figure 1. Com- 
bustion  air, low-pressure e u s t ,  and fuel were supplied by the 
laboratory facil i t ies.  Cdusticn-air flow was metered with a 
variable-mea  orifice and the a i r  flow and the conibustm-inlet-air 
pressure were controlled by  means of butterfly  regulating valves 
i n  the air-supply and exhaust lines. The conibustor-inlet-air 
temperatures were regulated by electric air heaters. A plenum 
chauiber upstream of the combustor provided uniporm velocity and 
temperature distributians a t  the inlet t o  the combustor. 

Combus tor 

A longitudinal section of the 534-m-22 cabustor a& the -e- 
diate auxiliary duct- and instrumantation planes are shown in fig- 
ure 2(a).  The fuel-manifold housing, the fuel spray nozzles, and 
t h e  conibustor outer  casing were taken from a fl ight model engine 
and the  conbustor-inlet  ducting was designed t o  approxLmate 
closely  the diffuser a t  the engine compressor outlet. The frontal 
area of the compressor turbine-shaft housing was capped with a 
long streamlined nose, which occupied the position of the com- 
pressor hub, and the c d u s t o r  outer  casing was externally 
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' reinforced to prevent  collapse  at exgmimental pressures  below 
atmospheric. The combustor  basket  was  a  rectangular slot basket 
having  enlarged  anticoking  holes in the upstream  face of the basket. 

Instrumentation 

Temperature and pressure-measuring  instrumentation  was 
installed  at the two  sections shown in figure 2(a). Section A-A 
is designated the combustor-lalet  section;  sectian B-B I s  desig- 
nated the combustor-outlet  section  and is situated in a plane that 
corresponds  to the position of the second r o w  of turbine  stator 
blades in the engine. The orientation of the Instrumentation in 
these sections is il?.ustrated in figure 2(b). The Met-air 
themocouples  were  unshielded  iron-constantan wire junctions and 
were  connected t o  a calibrated  self-balancing  potentiometer through 
multiple  switches. The exhaust  thermocouples were of the unshielded 
exposed-junction type and were  made of 24" chmmel-alumel wires 
connected through an automatic  switching  arrangament to a cali- 
brated  recording  potentiometer.  Average  temperatures and pressures 
m e  taken a8 the average of all the readings at each  section. 

Fuel flows were  measured with a  rotameter  separately  cali- 
brated  for each f'uel. The conibustion  efficiency is defined a8 
the average  gas-temperature  rise. through the combustor to the teun- 
pereture rise theoretically  obtainable  at the same fuel-air  ratio. 

The altitude performance of the combustor  using four different 
fzzels was investigated  with t he  combustor-inlet  conditions of a b  
flow,  pressure, and temperature  simulating  operation of the turbo- 
jet engine at  various  altitudes from 20,ooO to 55,000 feet over  a 
range of corrected engine speeds Awn 6000 to 12,500 rpm and for 
flight Mach rulPibers of 0.2 and 0.6, corresponding to ram pressure 
ratios of 1.04- and 1.28, respectively, with 100-percmt diffuser 
e f f  iciemcy. 

The conibustor-inlet conditions of air flow, pressure,  and 
temgerature and the values of the estimated  combustor-outlet 
(turbine-inlet)  temperature required to operate the engine for 
each  altitude and engine speed for a flight Mach lumiber of 0.2 
were based on data obtained in an altftude-wind-tunnel  iavestiga- 
tion of the complete erghe. At a flight Mach number of 0.6, 
inlet-air  conditions were calculated on the basis of 100-percent 
ram recovery. The collibutor-inlet  and conhetor-outlet conditions 
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f o r  flight  mch numbers aP 0.2 and 0.6 are  plotted In figure 3 aga5nst 
corrected w i n e  speed H/n, where 8 is the ra t io  ade ambient-air 
tmpera.ture at altitude t o  ambiezxt sea-level temperature. 

After  ignition in the combustor, the air flair and the  inlet- 
a i r  temperature a;nd pressure were set  at the required  values of 
simulated flight conditions at  altitude  intervals of 10,ooO feet  
a t  four engine sgeeds. At each point the f’uel flaw was increased 
by increments in an effort   to achieve an average colribustur-outlet 
temperature equal to or in excese of that required for operation 
of the  turbo je t  engine a t  the simulated flight condition. S a -  
lated flight conditions a t  which the requfred conibustor-outlet 
t q e r a t u r e  could be obtained were consider d to be in  the oper- 
able range of the engine. Conditions at  w ch the  required 
conibustor-outlet temperature could not be obtained were considered 
t o  be in the inoperable range. ’ P; 

In order t o  evaluate the  relative carbon-deposition rates of 
the Am-F-58 Fuels in the conibustor, the unit was operated at  
simulated conditions of 35,000-foot altitude and corrected engine 
speed of 12,500 rpm (87 percent of rated engine speed) a t  a flight 
Mach  nuniber of 0.2 for 6-hour uninterrupted periods with each fuel. 
The conibustor basket was brushed clean before each run and the 
combustor disassembled and inspected for carbon deposits at the 
conclusion of each run. 

# 

Altitude Operational L i m i t s  

The data obtained in the  investigation of the four fuels are 
shown in figure 4 a s  plo ts  of altitude against corrected engine 
speed f o r  flight Mach nunibers of 0.2 and 0.6. The curves shown in 
this  figure  represent  the  altitude limits of the f’uels. The posi- 
tion of the altitude limit was estimated from the excess of avail- 
able temperature r i se  at each operable point. 

In order t o  simplify the camparison of altitude  operational 
limits far the four  fuels,  the curves from figure 4 have been 
replotted in figure 5. Differences in altitude  operational limit 
less than 2000 feet  are difficult to  determine experimentally 
because of the unstable and often erratic perfonaance of the com- 
bustor a t  points near the  altitude limit. Each of the curves lp 
figures 4 and 5 should therefore be considered a mean curve drawn 
through a band  of altitude in which the  operation of the engine 
is uncertain. As shown in figure 5 ,  the  altitude  operational 
limits for NACA fuels 48-249 and 48-258 we the same. 
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At a flight  Mach number of 0.2 (fig.  S(a)), the altitude 
limits of the base-stock AN-F-58 fuel (WCA fie1 48-249) and  the 
high-end-point Am-F-58 fuel (MCA fuel 48-258) were  the same and 
about 1000 to 3000 feet  higher  than  the  limits of A"F-48 fuel over 
the range of e&& speeds investigated in spite  of  lower  combus- 
tion  efficiencies  obtained with the AN-F-58 fuel. H i g h e r  altitude 
llmits with lower  colnbustion  efficiencies have been  previously 
observed w i t h  different  fuels in an annular-type  cambustor  (refer- 
a c e  1) * The altitude  operational  limft of the high-aramatic 
AS?-F-58 fuel (NACA fuel 48-279) was IO00 to 7000 feet  lower than 
the limits for the other AN-F-58 fuels. 

At a flight  Mach  nunber of 0.6 (fig. 5 (b) ) , the altitude 
operational  limits  for  all  four f'uels were about the 8- over  the 
range  of engine speeds examined. 

Combustiau  Efficiencies 

The combustion  efficiencies  for  all  points in the  operable 
range  of  figure 4 are presented in table 11. 

Previous  investigations  (references 2 and 3) have indicated 
that  combustion  efficiencies of various  fuels m y  be  correlated 
with volumtric  average  boiling  temperatures of the  fuels, This 
correlation  appears to apply  to  data  obtained  in  the  present  inves- 
tigation,  as  may  be seen in  figure 6. In this figure,  the  combus- 
tion  efficiencies  for  the three AN-F-58 fuels and the AN-F-48 fuel 
have been  plotted  against  volumetric  average  boiling  temrperatures 
at flight Mach  numbers  of  0.2 and 0.6, an altitude of 45,ooO feet, 
and a corrected engine speed of 12,500 rpm. These data  fndicate 
that the combustion  efficiency  decreases  as the boiling tempera- 
ture  of  the fuel is  increased. The arithmetical  differences in 
combustion  efficiency  (fig. 6) between  the  most  volatile  fuel 
(AN-F-48) and the least  volatile fuel (high-aromatic AN-F-58 fuel, 
NACA fuel 48-279) at  the  specified  altitude  and engine speed  were 
9 and  12 at Mach numbers of 0.2 and 0.6, respectively.  This dif- 
f erence in efficiency  changes  with  change in operating  conditions . 
In general,  the  combustion  efficiencies  of  the AN-F-58 fuels  were 
about 8 pement lover than those of the AN-F-48 fuel in the vic-tg 
of the altitude operations1 llmit. AB the operatinaal altitude Le 
reduoed, the omnbuetor efficiencies of the several fuel8 inorease 
and tend t o  approach  each other. 

0) 
PC 
0 
rl 
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Sfmflar data  at  other  conditionrs  (table 11) substantiate  the 
relation  shown  in  figure 6 and  the  arithmetical  differences In 
conibustion efficiency between  the  least  volatile fuel and  the 
AN-F-48 fuel  were  for  the  condftions  investigated  never  greater 
than 14 percent. 

It is €apbSiZed that the manner of preparing the AN-F-58 
fuels for this investigation was such that both  boiling  temperature 
and  composition  (particularly  aromatic  content)  were  varied.  The 
correlations shown in figure 6 therefore  essentially  represent  the 
influence  of both boiling  temperatures and composition on combustion 
efficiency. 

Carbon  Deposition 

Only small m u n t s  of  carbon  were  deposited  at  the  conditions 
used In t U s  investigation  with the base-stock AN-F-58 fuel  (NACA 
fuel 48-249) and t h e  high-end-point AN-F-58 fuel (NACA fuel 48-258) 
and  these  deposits  were  merely  thin  scales  deposited on the  first 
step  of the conibustor  basket.  With the high-aromatic Am-F-58 fuel 
(NACA fuel 48-279), however,  formations of carbon  (fig. 7) were 
deposited on the first  etep of the basket. These deposits  although 
not  considered  sufficiently  large to be objectionable  were  con- 
siderably  greater than the  deposits  obtained  with  the  other AN-F-58 
fuels  (NACA  fuels 48-249 and 48-258). 

No deposits  were  obtained with AN-F-48 fuel. 

SUMMARY aF RESULTS 

From an investigatim of the  effects of fuel properties on 
altitude  performance in  the conibustor of a 3000-pomd-thrust turbo- 
Jet engine,  the  following  results  were  obtained  at  simulated  engine 
conditions of 20,000- to 55,000-foot  altitudes,  corrected engine 
speeds from 6000. to 12,500 rpm, and flight  Mach ntmibers of 0.2 
a d  0.6. 

1. At any fixed  aperatfng  condition,  the  combustion  efficiency 
decreased  as the volumetric  average boiling temperature of the  Azel 
fncreased. The  arithmetical  differences in combustion  efficiency 
between  the most volatile  fuel, AN-F-48, and the  least  volatile 
AN-F-58 fuel was as great  as 12 to 14 percent  at  some  conditions 
near the  altitude  operational limit. 
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2. At  a  flight Mach llumber of 0.2, the  altitude  limits of 
two  AM-F-58 f'uels were the same  and  about lo00 to 3000 feet  higher 
than  the  limits of.Am-F-48 m e 1  over the  range of engine speeds 
examined. The altitude  operational  limit of the  AN-F-58  fuel 
having a higher boil--temperature  range and a higher  aromatic 
content than the other two AN-F-58  fuels  was loo0 to 7000 feet 
lower than the  limits of the  other  AN-F-58  fuels over the  range 
of engine speeds investigated. 

3. At  a flight Mach number of 0.6, the altitude  limits of the 
three AN-F-58 fuels and the AN-F-48 fuel were  approximately  the same. 

.' 
4, Lf&t deposits  of  carbon  were found wi%h two AN-F-58  fuels 

and no deposits were found with the AN-F-48  fuel. The AN-F-58 fuel 
having a high  boiling-temperature  range and high aromatic  content 
produced  formations of carbon 011 the  first  step of the cambustor 
basket.  These  deposits,  although  not  considered  sufficiently 
,large  to  be  objectionable,  were  considerably  greater than the 
deposits  obtained  with  the  other  fuels. 
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TAHLE: I - SPECIFICATIONS AND ANALYSES OF FUELS USED 

NACA fuel 

A.S.T.M. distillation 
D 8640,  ?F 
Ini t ia l  boiling  point 
Percentage  evaporated 

5 
10 
20 
30 
40 
50 
60 
70 
80 
90 

Final boiling point 
Residue , (percent) 
LOSS, (percent) 

Freezing point, OF 
Accelerated gum, 
A i r -  jet residue , 
Sulfur , (percent by 

Aromatics, (percmt by 

(mg/loO d) 

(mg/loO 4 
weight) 

volume) A.S.T.M. 

Si l i ca  gel 
D-875-46T 

Specific gravity 
Biscosity, (centistokes 

at -400 F 
Bromine number 
Reid vapor pressure, 

(lb/sq in. ) 
BydrOgm-cSrbOn ratio 
Net heat of combustim 

(Btu/lb) 

(percent by volume) 
Single ring aromatics 
Fused ring aromatfcs 
Unfused two-ring 

$.drOCSrbOIl m l y S 8 S  

eramatics 
llef in 
lionaromat ic  cyclo- 

parafffn ring 
Yonarolratic paraff #n 
and paraffin side 
Chafn , 

Specif ica- 
tions 

~ AN-E'-58 

""""". 

""""". """""_ 
""""". 
""""". 
""""". """""_ """""_ """""_ """""_ 
425 (min. : 
1.5 (max.: 
600 (=.: 
1.5 (max.: 

-76 (ms~.) 

20 (m~x.) 

10 (mar.) 

0.50 (msx.) 

30 ("1 """""_ """""_ 
10.0 (msx.) 
14.0 (max.) 

5-1 

18 , 2OC 
"""""- 

(-9 1 

I .  . ' 

Analyses 
AN-I?-58 I AN-F-48 

48-249 48-258 48-279148-359 

1101 1101 llo1 105 

135 
157 
192 
230 
272 
314 
351 
388 
427. 
473 
560 
1.0 
1.0 

(-76 

I 137 
~ 157 
~ 198 

248 
291 
332 
373 
410 
450 
500 
590 
1.0 
1.0 

-76 

' 133 
164 

130 

162 
~ 215 

144 

' 273 178 
327 191 
370 202 
407 
437 

210 

1.5 1.0 
0.5 1.0 
299 590 
236 501 
225 464 
219 

<-76 C -76 

17 I 17 
19 

13.3 13.8 
2.94 2.67 

0.775 0.769 
19 

5.41 5.11 4.81 
6.6 

0.163 0.16l 0.m 0.184 
t 

.8,640 18,690 

l5.0 
4.1 3.0 
13.2 

0.5 1.5 

7.11 
6.2 

15.71 16.7 

a58.7! 58.3 I .51.41-------- 
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25,000 6000 
8000 
8000 

35,000 11,000 

11,000 
12,500 

45,000 11,000 
12,500 
11,000 
12,500 

.6 -------- 49.5 49.3 57.9 

.6  68 .O 65.0 65.2 77.2 



. . .  . . . . . . . 
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Figure 3. - Variation of aombuetor operatin conditions with corrected 
engine speed at various a l f i tudea.  
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6 7 8 9 10 11 12 1 3 x d  
Corrected engine speed, IT/@, rpm k 

(b) Combustor-Inlet t o t a l  pressure. 
Flight Mach number, 0.2. 

Figure 3. - Continued. Variation o f  combustor operating conditions 
with corrected engine speed at various altitudes.  
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Figure 3. - Continued. Variation of combustor operating C0ndlt iOn8 
with corrected engine speed at  various altitudes. 
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Figure 3. - Continued.  Variation of combustor operating  conditions 

with corrected engine speed at various altitudes.  
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6 7 8  9 10 11 12 13X1O3 
C O r F 0 O t e d  engine 8peed, N/*, rpm 

(e ) Combus tor-inl et-air f low.  Flight 
Mach number, 0.6. 

Figure 3. - Continued.  Variation of combuator operating  conditions 
wtth corrected engine speed a t  varioua altitudes.  
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Figure 3. - Continued. Variation of combus tor operating conditione 
~ 5 t h  corrected engine speed at various  altitudes. 
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Altitude 
(ft) 

20,000 25,000 30,000 
180 

35,3sO and over 
160 

140 ~ 
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i 120 
.P 
al 100 

Q 80 
.P 

k 

" 
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6 7 8  9 10  11 12 1 3 ~ d  
Correeted engine speed, N/ @, rpm 

( 8 )  Combustor-inlet-alr temperature. 
Flight Mach number, 0.6. 

Figure 3. - Continued. Variation of combustor operating condi tlone 
rith oorrected  engine  speed a t  various altitudes.  
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6 7 8 9 10 11. 12 1 3 ~ 1 0 ~  
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(h) Combus  tor-outletgas temperature. 

Flight Mach number, 0.6. * 

Figure 3. - Concluded. Variation of combustor operating conditions 
w i t h  oorreoted engine speed at  various altitudes. 
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22 NACA RM E9A3 I 

Corrected enghe speed, M/ m, rpm 

f l i gh t  rdach number, 0.2.  
(a) Fuel, AN-F-48 (NACA fuel number 48-359); 

Figure 4. - Altitude operational limits f o r  combustor. 
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Corrected engine speed. N/@, rpm 
(b) Fuel, AN-F-58 (NACA f u e l  number 48-249); 

f l igh t  Mach number, 0.2. 



24 NACA RM E9A3 t 

Correoted engine  speed, N / f i ,  rpm 
( c )  E'uel, AN-F-58 (NACA fue l  number 40-258): 

f l i g h t  Mach number, 0.2: 
Figure 4. - Continued. Altitude operational limits for ambustor, 



E9A3 I I- r' 25 

Figure 4. - Continued. .Alt i tude o p e r a t i o n a l  limits for  combustor.  



26 NACA RM E9A3 I 

Corrected engfne ~ p e e d ,  N/@, r p m  
(e  ) Fuel, AN-F-48 (MACA' fie1 number 48-359) ; 

flight Mach number, 0.6. 
Figure 4. - Continued. Altltude  operational limits for combustor. 
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. (f) Fuel, AN-F-58  (NACA fuel number 48-249); 
f l igh t  Mach number, 0.6. 

Figure 4. - Continued. Altitude  operational limits f o r  combustor. 



28 NACA RM E9A31 

Figure 4. - Continued. Altltude operat ional  limit8 f o r  combustor. 

Y 
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C 

I v 
10 

6 7 8 9 10 11 12 13x103 
Corrected engine speed, N/@, r p m  - (h 1 Fuel, AN-F-58 (NACA fue l  number 48-279) ; 

flight Mach number, 0.6. 

29 

Figure 4 .  - Concluded. Alt i tude operational limits f o r  combustor. 
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30 NACA Rh4 E9A3 I 

Fuel NACA Boiling Aromatics 
fuel range  (percent by 

number (OF) volume) 

6 7 8  9 10 11 12 1 3 x d  
Corrected engine speed, N/W, rpm 
(a) Flight Mach number, 0.2. 

Figure 5. - Estimated altftude operat ional  limits for combustor with 
AN-F-58 f u e l s  and AN-F-48 fuel.  
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Fuel NACA Boil.ing Aromatfcs 
fuel range (percent by 

nunber ( O F )  volume) 

AN-F-58 48-249 110-560 19 
AN-F-58 48-258 110-590  19 
AN-F-58 48-279 110-590  29 
AN-F-48 48-359 105-299 6 

6 7 8 9 10 11 12  13x103 
Corrected englne speed, N/*, rpm 

(b) Flight Mach number, 0.6. 

Figure 5. - Concluded. Estimated al t i tude  operat ional  limits for 
combustor with AN-F-58 fue ls  and AN-F-48 fuel. 
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32 NACA RM E9A3 I 

Fuel NACA Dofling, Aromatics 
fuel range ( p e r c e n t  by 

, number fop) volume) 

AN-F-58 48-249 110-560 
O AN-P-58 48-258 110-590 

80 

70 

60 
200 3 00 400 
Volumetric average b o i l i n g  temperature, OF 

(a)  Flight Mach number, 0.2, 
Figure 6. - Cor re l a t ion  of combustion efficiencies of AN-F-58 fuel8 

and AN-F-48 f u e l  wi th   vo lumetr ic  a v e r a s 0   b o i l i n g  temperature. 
Altitude; 45,000 feet;  corrected engine speed, 12,500 rpm. 
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Fuel NACA Boiling  Aromatics 
f u e l  range (percent  by 

number (OF) volume ) 

0 AN-F-58 48-249 110-560 19 
O AN-F-58 48-258 110-590 19 
A AN-F-58 48-279 110-580 29 
0 AN-F-48 48-359 105-299 6 

300 400 
Volumetric  average  boiling  temperature, OF 

(b) Fl ight  Mach-number, 0.6. 
Figure 6. - Concluded. Correlation of combustion eff i c i enc i  8s of 
AN-F-58 fuels and AN-F-48 fuel  with volumetric average boi l ing  
temperature. Altitude, 45,000 feet;   corrected  engine speed, 
12,500 rpm. . t  
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